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ABSTRACT 
Composit~on of milk and butter was evaluated from 
·cows fed either control, or ~xperimental diets containing 
added added fat of partially unsaturated fatty acid 
composition. The control diet concentrate mix consisted 
mainly of corn and soybean meal. The two experimental 
diets substituted either 20% high oleic acid sunflower 
seeds ()79% of fatty acids as oleic acid) or 20% regular 
sunflower seeds ()67% of fatty acids as linoleic acid) for 
part of the corn and soybean meal in the concentrate -mix. 
Milk protein concentration was similar for the control 
(3.3%) and high oleic sunflower seeds (3.3%), but increased 
in regular sunflower seed treatment (3.5%). Milk fat 
concentration was similar for the control (3.0%) and high 
oleic sunflower seeds (2.7%), but decreased in the regular 
sunflower seed treatment (2.4%). Feeding lactating dairy 
cattle sunflower seeds resulted in lower concentrations of 
short and medium chain and higher concentrations of long 
chain fatty acids in milk and butter. Milk unsaturated 
fatty acid concentrations were (28.9, 38.8, 45.6%) and 
butter unsaturated fatty acid concentrations were (29.6, 
38.l, 44.3%) for control, high oleic sunflower seed, and 
regular sunflower seed treatments, respectively. 
Penetrometer readings at 4°C (8.1, 11.5, 11.5 mm) and at 
20°c (16.6, 26.3, 27.4 mm) were higher for high oleic 
sunflower seed and regular sunflower seed treatment butter. 
Org~n·oleptic ev~luation indi~ated the high oleic sunflower 
seed and regular sunflower seed treatment butters were 
equal or s .uperior in flavor to the control butter. The 
high oleic sunflower seed and regular sunflower seed 
treatment butters were softer, more unsaturated and 
exhibited acceptable flavor, manufacturing, and storage 
characteristics. 
INTRODUCTION 
Considerable researih has been reported on the 
feeding of fats, oils and oilseeds to dairy cows (68). In 
the early 1970 .'s, Aus ·tralian researchers developed a 
method that protected polyunsaturated lipids from 
biohydrogenation in the rumen (79). Polyunsaturated oils 
were coated with a protein and treated with formaldehyde 
to protect them from hydrogenation by microorganisms in 
the rumen. However~ a portion of formaldehyde also 
transferred into the milk (96); and therefore, 
formaldehyde-protected lipid supplements have not been 
approved by the Food and Drug Administration (FDA) for use 
in feed for lactating dairy cows in the United States. 
Various protected oils, fats, and oilseeds have 
been evaluated as fat supplements in dairy cattle rations 
(12, 18, 24, 31, 73, 82, 96). Incorporation of protected-
lipid feed supplements into the diet changed the fatty 
acid composition of the milk fat (12, 24, 31, 39, 73, 79, 
84) and elevated the quantity of polyunsaturated fatty 
acids (particularly linoleic acid) in milk fat. Changing 
the fatty acid composition of milk fat affected the 
physical, chemical, and sensory properties of products 
manufactured from this milk. Off-flavors, predominantly 
oxidized, readily developed in milk high in linoleic acid 
1 
(33, 39). Oxidized flavors could not be eliminated by 
feeding cows additional antioxidants (alpha-tocopherol) or 
by adding antioxidants to the milk (33). Butter 
manufactured from milk produced by cows fed protected 
soybean and sunflower seeds (17), protected tallow (31, 
92), protected canola (18, 19, 84), and other protected 
oils (33) were softer than conventional butter. 
Unprotected lipids and fatty acids have also been 
incorporated as feed supplements in dairy cow rations, 
usually to increase the cow's energy consumption. These 
include sunflower seeds (35, 57, 76), soybean or soybean 
oil (9, 53), safflower oil (72), tallow (53~ 86), cotton 
seed oil (86), marine oil (4), and oleic acid (82). As 
with protected lipids, unprotected lipids also affect the 
fatty acid composition of milk fat, but to a lesser 
extent. Cows fed diets of unprotected lipids produced 
milk that contained lower concentrations of 
polyunsaturated fatty acids and higher quantities of a 
monounsaturated fatty acid (oleic acid) than control diets 
(9, 57, 72, 76, 86). 
Flavor and processing properties of milk produced 
by cows fed unprotected lipids have received little 
research attention. Preliminary research indicate that a 
softer, more spreadable butter could result from milk of 
cows f e d sunflower seeds (23). The objective of this 
2 
thesis research was to evaluate the effect of feeding two 
sources of fat, differing in fatty acid composition, to 
lactating dairy cows to evaluate the effects on 
composition, flavor, and physical properties of milk and 
butter. The fat sources used were: a) regular high oil 
variety sunflower seeds, Helianthus annuus peredovik, 
which account for more than 95% of the sunflower seeds 
grown in the United States and typically contain more than 
65% of the fatty acids as linoleic acid, and b) a new high 
oleic acid variety of sunflower seeds, Helianthus a~nuus 
pervenets, which contain more than 80% of the fatty acid 
concentration as oleic acid. 
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LITERATURE REVIEW 
Milk and Butter Composition 
The Code of Federal Regulations defines milk as 
" the 1 a c tea 1 s e.c re ti on , pr act i ca 11 y free from co 1 o strum , 
obtained by the complete milking of one or more healthy 
cows, which contains not less than 8.25% of milk solids-
not-fat and not less than 3.25% of milk fat" (16, 38). 
The proximate composition of milk is given in Tables 1-3 
(88). 
The legal definition of butter is "the food 
product usually known as butter, and which is made 
exclusively from milk or cream, or both, with or without 
common salt, with or without additional coloring matter, 
and containing not less than 80 percent by weight of milk 
fat all tolerances being allowed for" (89). The 
proximate composition of butter does not vary appreciably 
because of the 80% legal fat minimum and because of the 
manufacturers' desire to just meet legal butter 
composition requirements. This minimizes butter 
ingredient cost. Milk fat is the most expensive fat 
source in common use as a food (51). Some dairy plant 
managers pay a bonus to the buttermaker for each batch of 
butter which just exceeds the legal minimum and which 
falls below a certain maximum e.g. 80.3% (51). The 
4 
proximate comp o s i ti on of butter ·is given in Tab 1 es 1-3 
(88)~ 
The natural golden ye~low color of butter is due 
almost en.tirely ~o its carotene content. Carotene is a 
common plant pigment found in many fruits, vegetables, 
grasses, and forage plants (51). Some Channel Island 
breeds of cattle e.g. Jersey and Guernsey can transfer 
more carotene into milk than other breeds, such as 
Holsteins (51). Normally butter is a deeper yellow color 
in summer, when cows are eating summer forages hi-gh in 
carotene, and a lighter yellow in winter when the cows are 
consuming dry feed lower in carotene. Consumers find 
seasonal color variations to be objectionable, therefore, 
an additional natural colorant (annatto) is added to the 
butter which allows butter color to remain constant 
throughout the year (51). Annatto is a yellow dye that is 
obtained from the seeds of the annatto tree 
orellana) which is grown in the West Indies, Brazil, and 
India. The dye is oil soluble and can be extracted using 
vegetable oils (51). 
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Table 1. Proximate moisture, food energy, protein, lipid, 
carbohydrate, cholesterol, ash, and mineral composition of 
normal milk and · butter • 
Nutrient Milk Butter 
-----(per l00g)------
Water 
Food Energy 
Protein
2 
Lipid Total 
Carbohydrate 
Cholesterol 
Ash 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
87.99 g 
61.0 kcal 
3.29 g 
3.34 g 
4.46 g 
14.0 mg 
.72 g 
119.0 mg 
.05 mg 
13.0 mg 
93.0 mg 
152.0 mg 
49.0 mg 
.38 mg 
15.8 g 
717.0 kcal 
.85 g 
81. 11 g 
.06 g 
219 .-0 · mg 
2. 11 g 
24.0 mg 
.16 mg 
2.0 mg 
23.0 mg 
26.0 mg 
826.0 mg 
.OS mg 
1 Composition of foods: Dairy and egg products raw, 
2 
processed, prepared (88). 
Nitrogen x 6.38 =%protein. 
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Table 2. Proximate vitamin composition of normal milk and 
b 
. 1 
utter • 
Vitam i n Milk Butter 
(per 100g) 
Ascorbic Acid .94 mg o.o 
Thiamin .038 mg .005 
Riboflavin .162 mg .034 
Niacin • 084 mg • 0_4 2 . 
Pantothenic Acid .314 mg * 
Vitamin B6 .042 mg .003 
Folacin 5 ug 3 
Vitamin 8
12 
.357 ug * 
Vitamin A 126.0 IU
2 
3,058.0 
* Lack of reliable data for constituent believed to be 
1 
present in measurable amount. 
Composition of foods: Dairy and egg products raw, 
2 
processed, prepared (88). 
International Units. 
mg 
mg 
mg 
mg 
mg 
ug 
IU
2 
7 
T.able 3. 
1
Proximate fatty acid composition of normal milk 
and butter • . 
Fatty Acid Milk Butter 
Configuration 2 (g/l00g) 
Butyric Acid 4:0 • 1 1 2.63 
Caproic Acid 6:0 .06 1.56 
Caprylic Acid 8:0 .04 • 9 1 
Capric Acid 10:0 .08 2.03 
Laurie Acid 12:0 .09 2.28 
Myristic Acid 14:0 .34 8. 16 
Palmitic Acid 16:0 .88 21 • 3 3 
Palmitoleic Acid 16: 1 .08 1.82 
Stearic Acid 18:0 .40 9.83 
Oleic Acid 18: 1 .84 20.40 
Linoleic Acid 18:2 .08 1.83 
linolenic Acid 18:3 .OS 1. 18 
Saturated 2.08 50.49 
Unsaturated 1.08 26.44 
1 Composition of foods: Dairy and egg products raw, 
2 
processed, prepared (88). 
Expressed as number of carbons:number of double bonds. 
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Butter Manufacture Theory 
Fat glo~ules in milk and cream are present as a 
true emulsion with the fat as the dispersed phase (6). 
Fat globules in milk normally do not coalesce due to: the 
viscosity of th~ liquid, a layer of colloidal protein and 
phospholipids around the fat globules, a net negative 
electric charge (at a neutral pH) causing repulsion 
between fat globules, and the dilute nature of fat in 
milk. Milk typically contains 3.3 to 4.0% fat (61). 
The milk fat present in fresh milk is as globµles, 
500 nm to 10 um in diameter, encased in a lipoprotein 
membrane (48, 59). "This membrane (approximately 10 nm in 
cross section) is a complex mixture of proteins, 
phospholipids, glycoproteins, triglycerides, cholesterol, 
enzymes, and other minor components and acts as a natural 
emulsifying agent enabling the fat to remain dispersed 
throughout the aqueous phase of milk" (59). Only about 1% 
wt/wt of the total milk protein and only 1-2% of the total 
milk fat lipid are found in the milk fat globule membrane 
( S 9). 
water. 
Milk is separated into cream to remove excess 
Concentration of the milk fat increased the 
frequency of collisions among the fat globules (61). 
Mulder et al. (59) stated that mechanical treatment 
(agitation) of cream caused the fat globules to coalesce 
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or clump. The clumping rate of fat globules depends upon 
seve·ral factor .s: collision rate, which is a function of 
the velocity changes and the fat content; resistance of 
the globules to _disruption by the velocity gradients 
(enough solid fat); collision energy, a function of the 
same variables (and globule mass); tendency of the 
globules to stick and remain stuck together (the . presence 
of enough liquid fat); and other variables including 
globule size and availability of proteins to repair 
damaged membranes (ratio of fat to protein) (61). 
Churning cream to manufacture butter, disrupts the 
proteinaceous fat globule membrane and destroys the net 
negative cha-rge of the milk fat globule. This loss of 
charge removes the electrostatic repulsion between 
globules and permits collisions abrupt enough to a ·11ow fat 
globules with damaged membranes to stick together (6, 48). 
These actions allow the fat globules to coalesce (6, 48). 
However, the - physical state of the fat is of primary 
importance ( 16). Both liquid and solid fat in the 
globules are essential. Mechanical clumping is only 
possible when intense agitation and partially solid fat 
are present (61). ·completely solidified milk fat globules 
cannot be deformed, disrupted, or coalesced, thus, they 
cannot be churned. 
impossible to churn. 
Completely liquid milk fat is also 
When the globules become deformed 
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and rupture, the liquid fat leaks out of the globules and 
coilesces, causing severe oiling off of the milk fat. 
Semisolid milk fat ~lobules can be deformed but 
are not easily r~ptured. When they are deformed and 
rupture, the •olten fat in the center is ~xuded, but 
remains at.tached to the semisolid portion of the globule 
and acts as a sticking agent between colliding globules, 
promoting churning (61). It has been postulated that the 
fat on the surface of milk fat globules is neither totally 
liquid nor totally solid but is found in a semisolid, 
sticky form that is conducive to clumping and globule 
aggregation (16). 
When milk fat globules are examined using 
polarized and incident light microscopy, a shell-like 
layer - of higher melting point lipid crystals can be seen 
just within the fat globule membrane (16, 48). The fat 
crystals are present in rod-like molecules arranged in ' a 
palisade layer, which surrounds a core of more molten 
lipid, at normal churning temperatures (16, 48). This 
palisade layer can easily be viewed with polarized light 
microscopy. The higher melting point layer appears as a 
birefringent ring (a dark ring caused by the rotation of 
the plane of the polarized light by the fat crystals) 
( 1 6 ) • 
The buttermaker selects a churning temperature, at 
1 1 
which the mi 1 k fat is part i a 11 y s ·o 1 id , usu a 11 y 1 0 ° C or 
lo~et, and theD fills the b~tch churn half-full of cream 
and starts the churn at high ~peed e.g. 40 rpm (51). Many 
types of churns have been invented and used to agitate 
mi 1 k o r c re am i n.t e n s e 1 y w hi 1 e i n c o r p o r a t i n g a i r ( 5 9 ) • F o r 
maximum churning efficiency it is important for the fat to 
accumulate in clumps as completely as possible, which 
gives maximum butter yield with minimum fat loss in the 
buttermilk (61). Churning is a remarkably efficient 
process. 
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About 10 fat globules must be ~rought t9gether 
to make each kg of butter, with only 1% of the fat 
remaining in the buttermilk (61). Fat globules tend to 
aggregate into clumps when agitated at a suitable fat 
content, turning speed, and temperature. 
One theory to explain what happens when cream is 
churned into butter is the "foam" or "auto-flotation" 
theory. It states that milk fat globules which possess 
either damaged and/or partially removed milk fat globule 
membranes tend to gather in the foam created when air 
bubbles are incorporated into the cream (48, 61). A 
dynamic situation is present. Air becomes beaten into the 
cream as smal-1 bubbles which continuously form, coalesce 
and burst. Velocity gradients (shear forces) are strong 
and change erratically. When fat globules contact these 
bubbles, some of the liquid fat spreads upon the surface 
12 
of the bubbles allowing the remainder of the fat globule 
t O . S ti Ck. Every bubble colle~ts many fat globules (48). 
Next, the fat globules cont~nue to densely pack together 
at the air/serum i~terface. Clumps form around a liquid 
fat center whi~h is exuded from damaged globules (48). 
The surface area of the air bubbles has been estimated to 
be at least 30 m
2
/kg of cream, with most of the bubbles 40 
um in diameter or larger. This allows up to 97% of the 
fat to be in the foam during the midpoint of the churning 
cycle. "The volume of air in the cream rapidly increqses, 
then remains almost constant for some time and finally 
diminishes rapidly" (61). The air bubbles collide and 
coalesce or rise to the cream surface and burst. This 
creates a high local concentration of fat globules 
surrounded by liquid fat exuded from the damaged globules. 
When the milk fat globules collide, they tend to stick 
together forming small clumps. Upon further churning, the 
small clumps of fat globules collide and become larger 
clumps. Initially, clumping occurs slowly, but increases 
in rate, and clump size increases sharply with time. The 
increase in clumping rate is due mainly to the increase in 
clump mass and collision kinetic energy which causes more 
of the clumps to stick together upon collision, forming a 
still larger clump (61). As the quantity of foam 
decreases and the bubbles become larger, increasing 
H, L l , · : f.1 . , ·: ..; LI ... ·.' '. ;-, 'r' 
Sou~'.1 D-:'. ·:_; :3 _, J L; 11:v~ r.:i ty 
BrcoK1r.g~, 30 57C07·1098 
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numbers of butter clumps become detached from the foam. 
The ~lumps become larger and · larger possessing higher 
·kinetic energies which allowing them to easily stick 
together (6 .1). The rapid decrease in entrained air is 
thought to be d~e to increasing amounts of colloidal fat 
(liquid fat . exuded from damaged globules) which build·s up 
until it acts like an antifoam. This is called the "break 
point." When enough of the hydrophobic liquid fat 
accumulates, it forms a layer around the air bubbles 
causing them to collapse at the "break point" in the _c~urn 
when the butter granules separate from the buttermilk (16, 
5 l ) • The "break point" normally occurs after 
approximately 45 min of churning and when the butter 
granules are 3 mm to 6 mm in diameter. 
After the cream "breaks", the buttermilk is 
drained off and the granules are usually washed with water 
that is 2.8°c colder that the cream churning temperature 
(51, 61). However, if the cream "breaks" and the butter 
contains very soft granules, then colder wash water is 
used to make the butter easier to work, to improve its 
body, and to reduce the possibility of "leaky" butter (17, 
so, 51). Butter is considered "leaky" when the water 
within the butter has not been worked into the butter 
sufficiently, allowing moisture to appear on butter 
s u r f a c e s • Twenty-five percent o f the fat in the 
14 
buttermilk is present as collo·idally dispersed fat 
par t ·i C 1 e S ( 1 6) • The remaining 75% of the fat in the 
buttermilk is present as fat ~lobules or in small clumps 
of fat globules~ The buttermilk also contains polar 
lipids, such as.the phospholipid from shattered milk fat 
globule me~branes (61). Approximately half (wt/wt) of the 
total phospholipids contained in milk are found in the 
milk fat globule membrane (59). 
At the end of the churning process, approximately 
80% of the fat phase still exists as milk fat globules. 
Some fat globule membranes are damaged during butter 
working, but at normal churning temperatures many fat 
globules contain enough solid fat that they retain their 
identity (48, 61). After the wash water is drained off, 
the butter is worked. 
The working of butter is essentially a kneading 
process in which the butter granules are worked, crushing 
the milk fat globules, and releasing liquid fat which 
becomes the butter continuous phase. The free fat 
constitutes 54 to 98% of the butter continuous phase, the 
remaining fat globules, and the tiny water droplets 
comprise the dispersed phase of the butter (16, 48, 51). 
The dispersion of the aqueous phase during butter working 
has been compared to stirring a high viscosity emulsion. 
Some dispersed droplets become further dispersed and some 
15 
collide and coalesce into larger d~oplets. Working also 
allows the moisture level i~ the butter to be adjusted by 
the addition or removal of water, and allows salt (NaCl) 
to be incorporated. Working distributes the water and 
salt uniforml~ thro·ughout the body of the butter. 
Properly ·worked butter has a firm waxy body, is not 
greasy, and no droplets of water are visible on cut 
surfaces ·(Sl). The water contained in butter is present 
as droplets smaller than 10 um in diameter and are very 
finely dispersed. These water droplets contain an average 
of 30 mg of protein and 45 mg of lipid per ml (58). Fat 
lamellae separate th~ water droplets and prevent t~em from 
coalesci.ng into pockets of water within the butter during 
storage (48). 
In summary, initially air bubbles are incorporated 
into the cream, fat globules attach to air bubbles, and 
clumps of fat globules accumulate at the air-water 
interface, later mechanical clumping predominates and foam 
decreases until the "break point" is reached (61). The 
net effect of churning is to convert a fat-in-water 
emulsion (cream) to a water-in-fat emulsion (butter) (48, 
5 1 ) • The structure and consistency of butter is 
determined by the type of phase distribution, amount of 
fat stabilization, and the ratio of liquid to solid fat, 
the size of crystals, fat temperature treatment history, 
16 
and mechanical working (14). For e ·x amp 1 e , harder butter 
res~lts from b4tter contaiiing higher concentrations of 
high-melting point lipid fractions, which gives higher 
proportions of solid fat in the milk fat globules at a 
given temperatur.e (11, 14, 16, 71). 
Modification of Butter Characteristi~s 
There are several methods for modifying the 
rheological properties of butter. The spreadability of 
butter can be improved by: temperature treatment _of the 
cream (16, 41, 64), reworking of butter (16, 27, 51, 90), 
by addition of surface active agents {41), by the 
incorporation of air or nitrogen gas (27, 41, 61), by 
fractionation of the butterfat (13, 14, SO, 52, 64, 71), 
by addition of vegetable oils (15, 37, 41, 87), by 
chemical modification of milk fat (16, 61, 64, 77), or by 
feeding protected lipids to dairy cows (9, 22, 32, 40, 53, 
57, 68, 70). However, most of these methods either 
involve high capital co~ts, or proprietary equipment and 
processes, causing low butter yields, or the manufacture 
of a dairy product that does not have the composition of 
legal butter; making many of them impractical or 
uneconomical for commercial buttermaking. 
1 7 
Temperature Treatment of Cream 
The con~istency of butter can be modified by 
temperature manipulation of the cream prior to churning 
( 16). One . method called the "Swedish Method" or the "8-
19-16" method _entails cooling cream immediately after 
pasteurization to s 0 c and holding it for 2 hat this 
temperature to start lipid crystallization. Next, the 
cream is tempered to 19°c and is held for 2 to 6 hat this 
temperature. Finally, the cream is cooled to 16°C and is 
held for 15 h before being cooled to final churning 
temperature (16). 
but·ter consistency. 
. d 19°C per10 at 
The rate of cooling affects the final 
In the "Swedish Method" the tempering 
and at 16°C allows cooling and 
crystallization to occur more slowly than the cooling rate 
that occurs using normal heat exchangers, in which maximum 
cooling rate and energy efficiency are the goal. Rapid 
cooling promotes more fat crystallization and harder 
butter. Slow cooling causes less fat crystallization and 
allows softer butter (14, 16). Freezing and subsequent 
thawing of cream, cause considerable clumping of fat 
globules. Mechanical pressure differences seems to be the 
main cause of globule clumping within the frozen cream 
( 6 1 ) • Temperature treatment of cream can provide only a 
small reduction in butter hardness (41). 
18 
Reworking of Butter 
One pro~ess to reduc~ the hardness of butter is 
called "homogenization" or "butter homogenization" and is 
used to decrease final butter hardness and to further 
divide water droP.lets and to prevent "leaky" butter. The 
equipment used such as the "Microfix" by Benz and Hilgers 
(West Germany) consisted of a receiving hopper, augers, 
mixing chamber, and a discharge extruder. The butter was 
placed into the receiving hopper where the augers force 
the butter into a mixing chamber. Next, the homogeni~ing 
head cuts the butter into thin layers using rotating 
blades. Finally, the butter is forced out of a nozzle on 
the discharge extruder at high pressure. 
Homogenizing the butter, immediately after 
manufacture, has very little effect on its hardness. 
However, if the butter is "homogenized" after storage for 
24 h 4.4 °c h. h at w 1c promotes "setting", butter hardness 
may be reduced by about one-third (16, 27, 51). "Setting" 
refers to the inherent capacity of liquid fat to exist in 
a supercooled condition during which continued 
c~ystallization occurs for some time (by increasing the 
proportion of solid fat, and decreasing the proportion of 
liquid fat) or by thixotropic changes (which involves a 
lipid emulsion that becomes liquid when worked, and 
solidifies again when it is allowed to rest), thus, 
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changing the spatial arrangement of · the lipid particles in 
the · butter (16,. 27, 51). Another experiment conducted by 
Gupta and DeMan (41) used a specially constructed machine 
which con _sisted of an auger continuously feeding the 
butter into a reyolving cage at 10°c. The cage revolved 
at 100 rpm giving a butter residence time of 1 min per 
working. The butter was stored at 4°c for 2 weeks between 
workings (41). The first working resulted in a large 
decreas .e in butter hardness (53- 63%) at the temperature 
0 
range of 5- 20 C (41). The butter gradually became . harder 
(up to 8%) during storage at 4°C due to setting- (41). A 
second working resulted in a much smaller decrease in 
butter hardness, but the increase in hardness after 
storage at 4°c was negligible (41). A third working 
affected butter hardness only very slightly (41). 
each working, the butter became more sticky (41). 
After 
Working causes several alterations in butter 
character, due to high shear forces breaking crystal-to-
crystal c _onnections, large scale destruction of fat 
structure with crystal shattering, and fat crystal melting 
caused by the friction between adjacent fat globules. 
Setting occurs when the butter is allowed to rest after 
working. The setting is caused by continued 
crystallization of the friction melted. fat, and by 
thixotropic rearrangement of t h e fat structure, in the 
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butter, causing some increase in butter hardness (16, 27, 
41, ~O). The degree of hardness reduction by mechanical 
·reworking of butter appears to .be limited (41). 
Addition of Surface Active Agents 
Surfactants are effective in reducing the hardness 
of butter (41). Many surfactants are available including 
lecithin, unbleached lecithin, Tween 40, and others for 
incorporation into cream and butter (41). It has been 
found that surfactants are more effective when blended 
into butter than when added to cream (41). However, since 
most surfactants are solid at room temperature it is 
extremely difficult to evenly incorporate them into butter 
( 4 1 ) • Therefore, most surfactants are added to the cream, 
just before churning, to give a typical firtal 
concentration of 1.0- 2.5% wt/wt (41). 
There is very little data available on the 
mechanism of how surfactants reduce butter hardness, it 
may be due to their surface-active nature, which may delay 
the "setting" of the butter (41). Surfactant molecules 
(emulsifiers) enter oil-water interfaces (because they 
have both hydrophobic and hydrophilic parts). They 
function by decreasing the interfacial tension between the 
fat and the water, allowing the normal fat globule 
membrane to be more easily desorbed or ruptured. This 
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lowers the kinetic energy required to cause the milk fat 
globules to coalesce when they collide (61). 
Hardness reductions _of 2- 29%, determined after 
24 h of butter sto~age at 4°c, were achieved depending 
upon which surfactant was used (41). However, the rate of 
hardening was higher than in control butters upon further 
storage (41). Overall hardness reduction after 30 days of 
0 
storage, at 4 C, ranged from 2.6-15.4% (41). ·Also, some 
surfactants made the butter brittle and sticky (41). 
Gupta et al. (41) considered surfactants to be of "little 
practical significance" in butter manufacture. 
Incorporation£!. Air 
The incorporation of air may severely impair fat 
globule stability, by causing either clumping or fat 
globule membrane disruption (depending upon whether some 
solid fat is present in the fat globules or not). 
Incorporation of air or nitrogen is one of the few ways of 
altering fat dispersion significantly without resorting to 
large energy inputs (27, 61). However, the level of 
"overrun" obtained must be monitored to insure butter of 
legal composition is produced. Composition overrun can be 
defined as the sum of the percentages (wt/wt) of moisture, 
salt, and curd, divided by the percentage of fat (6). 
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0 n e e x p e r i m e n t d e s c r i b e d b ·y G u p t a e t a 1 • ( 4 1 ) 
invo·lved the adq.ition of 10%,' 18%, or 25% air by blending 
0 O 
·in a mixer at 15 C, followed by storage at 4 C. The 
addition ot 10% air gave a decrease in hardness equal to 
reworking the butxer once (41). Air incorporations of 18% 
and 25% gave even softer butter (41). 
The temperature at which air is incorporated also 
affects the butter hardness, a maximum butter hardness 
decrease was obtained at s0 c and a minimum butter hardness 
decrease was obtained by air incorporation at 20°c . (41). 
Since mixing is required to incorporate the air, the 
resulting butter must also be considered as having been 
reworked, which also affects butter hardness (41). Gupta 
et al. (41) considered air incorporation to considerably 
reduce butter hardness, without making it brittle, and to 
possibly have some practical applications, at the 
incorporation percentages used. 
Butter from Fractionated Butter Fat 
The spreadability of butter is controlled by the 
hardness of the fat crystals and how they are combined 
(11, 56, 64). Production of milk fat crystals is not 
difficult, however, separation of the solid and liquid 
lipid fractions is difficult, even under controlled 
conditions (91). Butter can be separated into low and 
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high melting point fractions by melting and selectively 
crystallizing ~he milk fat using either batch vat 
·crystallizers (stirred or _quiescent), or by using 
continuous . Votator (trade name) crystallizers (swept 
surface), follqwed by separation, of the molten lipid 
phase from the solid crystalline fat phase, by centrifugal 
separation, vacuum filtration, or pressure filtration (13, 
14, 16, 17, 43, so, 52, 64, 71, 77, 93). 
Fractionation of milk fat can be achieved by first 
melting and then cooling it to a temperature where part of 
the fat solidifies, followed by separation of the liquid 
fat from the solid fat crystals. The procedure and rate 
of cooling used to solidify the fat influences the 
composition of the resulting milk fat crystals (77). For 
example, rapid cooling resulted in higher concentrations 
of short chain and unsaturated fatty acids being present 
in the liquid portion (77). A slow cooling rate would be 
used to maintain spherical crystal aggregates (SO). If 
the resulting crystals are too small, inefficient 
separation occurs (SO). The slower the rate of 
solidification, the wider the melting point range (16). 
In the Votator Method, molten milk fat can be 
pumped at high pr~ssure into swept surface heat exchangers 
that chill the milk fat into crystals (in a design very 
similar to a continuous ice cream freezer) (14, SO, 52, 
24 
93). Typically, two Votators are · used in series to 
decrease the net r~te of milk fat cooling. The first is 
called a precooler which cools the molten fat from 40°C 
down to 3o 0 c. Now the fat, that has crystallized, is 
scraped from the . walls, separated and is collected (14). 
Next, the milk fat that is still molten is pumped to the 
0 second Votator called the deep-cooler which cools the 30 C 
milk fat to 15°c at its outlet. Now most of the milk fat 
has crystallized (14). The high melting point fractions 
crystallize onto the refrigerated walls of the prec~oler 
Votator, then are scraped off the walls to be separated, 
and collected . as the high melting point fraction (14). 
The low melting point fractions crystallize . onto the 
refrigerated walls of the deep-cooler Votator, then are 
scraped off the walls to be separated, and collected as 
the low melting point fraction (14). This separates the 
low and high melting point fractions using selective 
crystallization (11, 56). 
Vat crystallization is accomplished in batches 
using slow cooling under either stirred or quiescent 
conditions and offers the advantage of being able to 
obtain many . melting point fractions from a single vat. 
Vat cooling under quiescent conditions resulted in 
clustering of crystals that tends to trap liquid milk fat 
( 1 3 ) • These clumps also tend to clog vacuum filters (13). 
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Ag i t a t e d v a t c r y s t a 11 i z a t i on c o m b i n e ·s a s 1 ow and 1 in ear 
cooling rate, of 6 - to 8 h duration, with a slow agitator 
(tO rpm) to gradually cool and crystallize molten milk fat 
( 1 3 ) • Agita -ted vat . crystallization offers a better 
a 1 tern at iv e than .quiescent vat cry st a 1 1 i z a ti on by 
producing crystals suitable for either centrifugal 
separation or vacuum filtration (13). In one experiment 
that used vat crystallization followed by centrifugal 
crystal separation, anhydrous milk fat from 63,500 kg of 
milk from mixed herds on winter rations was ya.t 
crystallized under nitrogen gas, using incremental 
decreases in · temperature of s 0 c every 72 h for the 
temperature range of 30°C down to 15°c. At the end of 
each 72 h peri-0d the crystals were removed and packed by 
centrifugation and the liquid fat was cooled and held at 
the next stepwise, s 0 c decreased, lower temperature (77). 
The milk fat fraction proportions obtained were: 
solidified at 30°C, 1 4 • 9 % solidified 
0 
at 25 C, 
40.3% 
11 • 9 % 
solidified at 20° C, and these are normally considered as 
the high melting point fraction; 
0 15.8% solidified. at 15 C, 
and 17.1% remained liquid at 15°c and are then normally 
considered to constitute the l~w meltin~ point fraction 
( 7 7 ) • Even under optimum conditions the proportion of 
liquid fat recovered by centrifugation was an impractical, 
probably uneconomical, 40-55% liquid fat at 25°c. This 
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poor recovery was probably resulting from solid and 
semisolid fat crystals enclosing and trapping the liquid 
fat and/or due to the liquid fat ~mulsifying in the water 
phase (61). Fat fractipn yield can be greatly affected by 
the season of the year, and by the composition of the 
rations fed to the dairy cows (77). The high melting 
point fat crystals constituted approximately 70% wt/wt of 
the total milk fat and were too hard to be churned into 
butter. This fraction would be sold at a lower price for 
non-butter uses, such as for hard butter for tropical 
regions, hard coatings for chocolate or ice cream, for the 
baking industry, or for incorporation into spray-dried 
products (16, 56, 91). 
Harder butter was produced from the presence of a 
higher concentration of high-melting lipid fractions which 
caused the fat to be more stable and solid at a given 
temperature (16, 71). Milk fat fractions with lower 
melting points contained more long chain unsaturated fatty 
acids and less long chain saturated fatty acids (77). The 
low melting point crystals (only 30% wt/wt of the total 
milk fat) were churned into butter possessing improved 
spreadability at refrigeration temperatures (16, 51, 71, 
91). Note that in butter churned using a butter fraction 
(fractionated at 2S°C), the amount of solid fat at 5°C 
decreased by only 25% and still resulted in butter with 
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improved refrigeration temperature spreadability (16, 56). 
Fractionation of . milk fat can produce definite 
modification in the physical properties of milk fat 
fractions (64).. The ~isadvantages of the selective 
crystallization fra~tionation methods are high capital 
cost, energy intensive equipment, and low butter yield. 
Butter Products Incorporating Vegetable Oil 
Bu t t e r b 1 e n d s c a n b e ma nu f a c t u .r e d b y c o m b i n i n g 
cream and vegetable oil which are churned together . to 
produce a butter blend that is softer than normal butter 
a t t y p i c a ·1 r e f r i g e r a t i o n t e mp e r a t u r e s , a n d p o s s e s s e d 
acceptable flavor scores (15, 37, 87). A typical butter 
blend consists of 40% butter mixed with 60% vegetable oil, 
such as corn oil, to give satisfactory refrigeration 
temperature spreadability. Black (15) stated that a 
50%:50% mixture of soybean oil and sunflower oil, blended 
to a level of 20% wt/wt of the total fat in the butter, 
produced butter with good spreadability, while exhibiting 
little effect on flavor. However, legal butter cannot 
contain any ingredients except milk fat, coloring, salt, 
and water (89). Vegetable oil would be considered an 
adulterant, thus, the resulting product cannot be legally 
called butter and may be termed a "butter blend", "dairy 
blend", "dairy spread", or a similar non-butter name (15, 
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41, 73). Batch type churns using milk fat and unsaturated 
v e g e t a b 1 e ·o i 1 ch u r n i n,g mi x t u re s called for lower churning 
temperatures, lower fat creams, an~ longer draining times 
(due to very soft gra~ules) to make acceptable butter 
blends (37). The blending of vegetable oil with butter or 
the churning of cream-vegetable oil should be accomplished 
0 
at low, 2-8 C, temperatures, because, if the butter blend 
is temporarily subjected to high temperatures much of the 
spreadability present after churning is lost (61). 
Chemical Modification of Milk Fat 
Chemical modification greatly alters the 
properties of milk fat (61). The resulting lipid is often 
no longer considered to be milk fat (61). The consistency 
and flavor of the resulting butter may be adversely 
altered (16, 61). Chemically modifying milk fat by 
l. somerization, interesterifica _tio,n, or hydrogenation 
caused an increase in butter hardness (16, 64, 77). 
Interesterification and hydrogenation increase the 
proportion of higher melting point glycerides in the milk 
fat, destroy natural butter flavors, . and cause the loss of 
many of the desirable characteristics of milk fat (64, 
77). Interesterific a tion randomizes the fatty acid 
residues in the fat triglyceride molecules (61). The 
resulting lipid has a narrow e r melting point range, which 
29 
is partially shifted toward higher temperatures. 
Cis-trans isomerization ca~ increase the number of 
trahs double bonds in a fat by a factor of four or more, 
and results in a narrow . melting point range shifted toward 
high e r temper a tu res (.6 1 ) • Unsaturated trans fatty acids 
have higher melting points, which approach those of long 
chain saturated fatty acids (71). Hydrogenation increased 
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the level of saturation in the lipid by displacing, and 
decreasing the number of double bonds, and by encouraging 
cis-trans isomerization. Hydrogenation greatly increases. 
lipid melting point and butter firmness at most 
temperatures (61). Chemical modifications of milk fat are 
expensive processes and can only be used as pretreatment 
for manufacturing processes that can utilize de-emulsified 
milk fat (16). 
Feeding Cows Modified Fatty Acid Diets 
The fatty acid composition of milk can be modified 
by feeding differing fat sources to dairy cows (9, 22, 32, 
40, 53, 57, 66, 68, 72, 73, 78, 79, 82, 83). Fat sources 
that have been experimentally fed to dairy cows include: 
lard, tallow, herring, many oilseeds, and pure forms of 
specific fatty acids, such as oleic acid (2, 4, 12, 18, 
24, 29, 31, 35, 40, 57, 62, 67, 73, 79, 82, 83, 92, 96). 
Unsaturated fatty acids can be fed to dairy cows to modify 
the fatty acid composition of the milk ·fat (29, 30, 31, 
3 5 , 5 4 , 5 7 , 6 6 , 7 9 , 8 ,2 , 8 6 , 9 2 , 9 4 ) • 
One of the least expensive, . most widely available, 
and most acceptable _ sources of ruminant dietary 
unsaturated fatty ac~ds are oil seed variety sunflower 
seeds (30, 57, 74). Many studies have shown that 
sunflower seed can be successfully fed to lactating cows 
(2, 30, 32, 35, 57, 76, 78, 96). The oil-seed sunflower, 
Helianthus annuus peredovik presently accounts for over 
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95% of the oilseed sunflower seed grown in the Unit~d . 
States (28, 74, 75). Helianthus annuus peredovik is high 
in linoleic acid (18:2) (Table 5), a polyunsaturated fatty 
acid and is identified as regular sunflower seed (RSFS) 
(74, 75). A new variety of oil seed sunflower seed 
Helianthus ~_E:nu~~ pervenets was grown in commercial 
quantity for the first time in the United States in 1985. 
This new variety is high in oleic acid (18:1) a 
monounsaturated fatty acid (Table 5), and is identified as 
high oleic sunflower seed (HOSFS) (74, 75). Oil seed 
variety sunflower seed is grown in large quantities to be 
pressed and processed into cooking oil (28, 75). This is 
a market that consumes a finite supply of high quality 
sunflower seed (75). Any excess production or crops that 
are distressed, or of substandard quality, have little 
market value (28, 57, 78). Sunflower seeds are a 
convenient source of fat and protein as a dietary 
supplement for dairy ·cows and provide an adequate source 
of ~ietary energy and an inexpensive means of supplying 
monounsaturated · and polyunsaturated dietary fatty acids 
( 5 7 , 6 6 , 7 8 ) • ·H o w e v e r , p o 1 y u n s a t u r a t e d a n d 
monounsaturated fatty acids (especially long chain fatty 
acids) are toxic to some rumen microflora; particularly, 
the methanogenic and cellulolytic organisms (29, 30, 35, 
62, 65, 68). This toxicity reduces fiber digestibility 
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and feed conversion efficiency of ruminants (21, 29, 47, · 
62, 68). Saturated and monounsaturated fatty acids are 
less toxic to rumen microflora than polyunsaturated fatty 
acids (20). However, unless the unsaturated fatty acids 
are protected from attack and biohydrogenation by rumen 
microflora, very little of the unsaturated fatty acids 
will reach the abomasum in an unsaturated condition, e.g. 
only 2-4% wt/wt of the ruminant total dietary fatty acids, 
of unprotected oil or oilseed linoleic acid (18:2·) 
appeared in milk fat (12, 28, 32, 33, 39). Most 
unprotected monounsaturated or polyunsaturated fatty acids 
will become partially saturated or saturated because of 
biohydrogenation in the rumen (4, 5, 24, 40, 44, 46, 73, 
79, 80, 81, 82). Rumen biohydrogenation of unsaturated 
fatty acids is accomplished by microorganisms, 
particularly the protozoans (62, 72). This hydrogenation 
is often accompanied by the production of trans isomers 
o f t h e f at t y a c i d s .( 7 2 , 8 0 ) • Ruminant milk products of 
modified fatty acid composition can be obtained by feeding 
ruminant animals dietary lipids of high polyunsaturated 
fat content which have been protected by encapsulation 
with a protein-aldehyde coating (17, 24, 28, 31, 39, 40, 
46, 49, SO, 54, 55, 70, 73, 79, 80, 81, 94, 95, 96) (e.g. 
casein-formaldehyde, with a final formaldehyde 
concentration of 2.1%) (80). This coating protects the 
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lipid from biohydrogenation in the rumen (at a neutral . 
pH), but allows it to be digested in the acidic conditions 
(pH 2-3) present in the omasum and abomasum. The acidic 
conditions hydrolyze the protein-formaldehyde complex, and 
release the saturated, monounsaturated, and 
polyunsaturated fatty acids. These fatty acids travel to 
the small intestine to be absorbed mainly in the jejunum 
and ileum ( 4 7), ·and to be assimilated by the animal ( 10, 
12, 44, 49, 55, 62, 80, 81, 84, 96). 
When protected polyunsaturated oil or oilseed was 
fed, the level of dietary monounsaturated or 
polyunsaturated lipid appearing in the milk fat increased 
to 17-42% wt/wt, of the total ruminant dietary fatty 
acids, especially an increase in linoleic acid (18:2) (12,' 
28, 32, 33, 39, 43, 44, 46). "This results in substantial 
changes in the triglycerides of blood plasma, milk, and 
depot (body) fats, in which the proportion of 
polyunsa~~rated fatty acids is inc·reased from 2-5% to 20-
3 0 %·" ( 8 0). The extent of the increase is determined by 
such factors as: the level of protection afforded the 
unsaturated fatty a~id, the level of supplementation, the 
fatty acid characteristics of the lipid source, and the 
stage of lactation of the cow (97). When the level of 
unsaturated fatty acids (18: 1 and 18:2) in the milk 
increases, a compensatory decrease, in short chain fatty 
acids (4:0-10:0) tends to occur (62, 97). Trials 
involving long ter~ feeding of protected unsaturated 
additional fat sources indicate that increased milk 
unsaturation is easily maintained over at least two 
lactation cycles (95). 
A 1 t e ·r n ate 1 y , · u n saturated fatty acids can be 
protected by the addition of limestone, and by roller 
milling the whole seeds to just crack the hull to avoid 
rumen hydrogenation (23, 29, 35, 36, 43, 47, 57, 62). 
Whole rolled sunflower seeds can be fed at a level of 10% 
of the total ration, but milk fat depression might occur 
(35, 57, 76, 78, 82). Palmquist et al. (69) stated that 
feeding additional dietary fat tended to lower the acetate 
to propionate ratio in the rumen which lowered the milk 
fat percentage in milk and that this trend was reversed by 
calcium addition. Limestone at 2% of the total ration (DM 
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basis) may prevent this milk fat depr~ssion (35). The 
calcium soaps formed (divalent cations react with fatty 
acid. s to form ca 1 c i um soaps ins o 1 u b.l e at neut r a 1 pH ( 4 7 ) ) 
from the added limestone are less toxic to rumen 
microflora than unprotected unsaturated fatty acids (21, 
29, 35, 36, 47, 65, 68). Calcium soaps provide an 
effective means to feed high fat without disturbing rumen 
fermentation, while allowing normal digestibility (47, 62, 
65, 67). 
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Murphy et al. (62) stated "However, as the · 
formation of insoluble calcium soaps from limestone and 
fatty acids ~s relatively slow and dependent mainly on fat 
content of the diet it is unlikely that limestone 
increased insoluble soap formation in the rumen." 
Palmquist et al. (69) stated "Beneficial effects of added 
calcium in high fat diets were not caused by increased 
calcium soap formation in the rumen." "And that it is 
unclear whether significant soap formation occurs in vivol' 
( 6 9) • "Additional calcium may cause greater production of 
fermentation acids" (69). "The most important factor 
influencing amount of insoluble soap formed in the rumen 
was the amount of long chain fatty acids present" (69). 
Feeding protected polyunsaturated lipid sources yielded no 
significant (P).05) changes in dry matter consumed, milk 
produced, milk protein, milk solids-not-fat, or milk 
freezing point, however, significant ·(P(.05) changes in 
milk fat fatty acid composition occurred (10, 62). "The 
proportion of short and medium-~hain fatty acids (C4 to 
Cl6) decreased, . and long-chain (Cl8) fatty acids increased 
with increasing rapeseed" (levels of unsaturated fatty 
acids in the diet) (62). Barbano et al. (10) used an 
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experimental diet containing "20% hay crop silage, 30% 
corn silage, 30% pelleted protein concentrate, and 20% 
polyunsaturated protected lipid supplement (70% sunflower 
seed and 30% soybeans treated with formaldehyde)" (DM -
basis). This gave a significant (P(.01) increase in 4:0 
fatty acids, no change in 6:0 and 8:0 fatty acids, and a 
significant decrease (P(.01) in 10:0, 12:0, 14:0, 15:0, 
16:0, 16:1, and 17:0 fatty acids. "High molecular weight 
fatty acids (18:0, 18:1, 18:2, and 18:3) all increased 
(P(.01) in per day production". In summary Barbano et al. 
stated: by feeding formaldehyde protected sunflower seed 
(monounsaturated and polyunsaturated fatty acids) ''short 
chain fatty acids increased or remained the same, medium 
chain length fatty acid output decreased, and long chain 
fatty acid output increased" (10). 
Feeding protected fat sources also tended to 
reduce the milk fat depression that often happens when 
non-protected high fat diets are fed to dairy cows, 
particularly unsaturated fatty acids (5, 10, 22, 44, 62, 
66). "Milk fat is formed by the esterification of 
glycerol · (mainly derived from glicose) with fatty acids 
whi~h may arise from acetate ~esulting from ruminal 
activity, from depot fats or from dietary fats- the latter 
being the importan~ aspects of the polyunsaturated 
supplement" (49). 
Milk fat globules consist of 99% wt/wt, 
triglycerides synthesized from precursors in the blood 
( 5 9 ) • About 50% of milk fat is synthesized from blood 
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serum acetate or butyrate in the mammary gland, and the . 
other 50% of the milk fat comes from dietary fat sources 
or body fat stores (22, 68). The cow body fat stores tend 
to contribute the longer chain fatty acids which are 
incorporated directly into milk fat (22, 30). "Fatty acid 
composition of adipose tissue" (body fat) "can be modified 
from saturated to a more unsaturated fatty acid content by 
feeding ruminant animals a 'protected'" unsaturated fatty 
acid fat source (39, 43). The polyunsaturated fatty acid 
content of body fat increased to about 30% wt/wt of the 
total body fatty acids in 8 weeks of feeding protected 
polyunsaturated oil (43). The dietary intake of long 
chain fatty acids are -reflected in the proportions of long 
chain fatty acids in the milk fat (9, 10, 32, 44, 92, 94, 
96, 97). 
One advantage of using polyunsaturated cream is 
that the whole cream is used to churn the butter, whereas, 
with fract .ionated butter some use must be found for the 
hard fraction that cannot be chu .rned into butter (43). 
Butter manufactured from milk high in linoleic and other 
monounsaturated and p-0lyunsaturated fatty acids, is called 
"Alta" butter by the Australians (17). Alta butter has 
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demonstrated lower softening points and higher iodine 
values, and higher linoleic acid contents (17). 
Generally, the higher the linoleic acid content of the 
mi 1 k fat , the so f t er the res u 1 ting butter ( 9 3) • But t _e r . 
made from Alta milk contained twice the polyunsaturated 
fatty acid content and exhibited a 30% decrease in 
softening poi~t (81). "Alta butter at 2°c was softer than 
conventional butter at 10 °c" ( 17 , 1 9 , 23, 93). Feeding 
protected unsaturat~d fat sources gave no oxidative 
instability or off-flavors to milk (35) and butter (19, 
2 3) • Creams high in linoleic acid required longer aging 
times than normal cream, for satisfactory churning. The 
resulting butters, with 16% or more linoleic acid, were 
somewhat sticky, softer, and much more spreadable at 
refrigerator temperatures than normal butter (33, 43, 44, 
92, 93, 97). 
Properties Affecting Butter Marketability 
Two of the fa.ct ors resp on s i b 1 e for the de c 1 in e in 
butte r cons ump ti on are poor s P. read ab i 1 it y of butter 
compared to margarine, . and the tendency to associate 
saturated fat in the diet with increased incidence of 
heart disease (41, 49, 79). Consumers consider butter to 
be high in price, saturated fatty acids, and cholesterol, 
therefore many people use butter only on special 
occasions where price and diet considerations are ignored 
(1, 34, 43, 49). 
The editor of Hoard's Dairyman stated: "For as 
long · as we have had mechanical refrigeration, an almost 
constant source or irritation has been butter that won't 
spread. All of us have struggled with those hard squares 
of butter usually found in restaurants that have to be 
eaten whole, since they cannot be spread on a piece of 
soft bread. Even in home refrigerators with 'butter 
keepers' the butter has to be set out well in advance of .a 
meal if you expect to spread it evenly on your bread or 
roll. 
( 4 5 ) • 
This is where margarine has had a major advantage" 
A lack of polyunsaturated fatty acids in normal 
butter contributes to the poor spreadability of butter at 
refrigeration temperatures (79). The production of dairy 
products high in linoleic acid (a polyunsaturated fatty 
acid) by feeding protected unsaturated feed supplements to 
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dairy cows has been shown to be feasible and offers a 
practi~al solution to both the problem of poor 
spreadability of butter at refrigeration temperatures and 
the problem of . consumers associating saturated fat as 
being an unhealthy_ dietary constituent (49, 71, 79). 
However, the feeding of protected lipids to dairy cows in 
the United States is illegal, resulting from a small 
amount of formaldehyde that becomes transferred into the 
milk. A total formaldehyde consumption by lactating cows 
of 11.9 g/day increases milk formaldehyde content about 
.023% (.1 to .3 ug/ml of milk) (95, 96). 
The per capita consumption of butter in the United 
States has been generally decreasing over the last 25-30 
years. In 1960, the average American consumed 3.08 kg of 
butter. By 1986, the average American consumed only 1.7 
kg. A 12% per capita decrease in butter consumption 
occurred during the ten year period from 1976 to 1986 
( 6 0 ) • New techniques to create less saturated, more 
easily spreadable butter may help to reverse this decline 
in butter consumption. 
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MATERIALS AND METHODS · 
Milk Production 
Ten mid - lactation Holstein cows were randomly 
assigned to one of ~hree treatments in a 15 week nested 
factorial design as previously described (20). Each 
replication consisted of 2 weeks animal acclimation to the 
diet, followed by 3 weeks of data collection. The control 
diet (C) consisted of corn and soybean meal in the 
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concentrate mix. The experimental concentrate mixes . 
consisted of 20% rolled high oleic sunflower seeds (HOSFS) 
or regular oilseed sunflower seeds (RSFS) in the 
concentrate mix replacing portions of the corn and soybean 
me a 1 • Total mixed diets were formulated to be 
isonitrogenous at 16% crude protein corisisting of 40% (DM 
basis) corn silage, 15% chopped alfalfa hay, and 45% of 
the respective concentrate mix (Table 4) (20). The cows 
were housed in a free stall barn and were individually fed 
the complete mixed diets once daily for ad libitum intake 
using Calan feeding doors (American Calan, Inc., 
Northwood, NH). 
TABLE 4. Ingredient composition of diets . from cows 
fed control (C), high oleic acid sunflfwer seed 
(HOSFS), dr regular ~unflower seed (RSFS) • 
Diet 
Ingredient C HOSFS RSFS 
(% of DM) 
Corn, ground shelled 27.9 21.2 21.2 
Soybean meal, 44% CP 15.3 13.0 13.0 
HOSFS, rolled 9.0 
RSFS, rolled 9.0 
Limestone 1.1 1.1 1.1 
Di calcium phosphate .4 .4 • 4 
Trace mineral salt • 3 .3 • 3 
Alfalfa hay 15.0 15.0 15.0 
Corn silage 40.0 40.0 40.0 
1
Plus 3968 IU of Vitamin A, 794 IU of Vitamin D and 
.4 IU of Vitamin E/kg. 
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Milk Collection and Cream Preparation 
Milk was coll~cted weekly during the last 3 weeks 
of each period from each cow for a 24 h period into 38-L 
stainless steel .milk cans and was composited by dietary 
treatment within 6 h.after collection. Immediately after 
0 compositing, milk was warmed to 38 C and separated (35 to 
40% fat cream) using a De Laval model 100 AE centrifugal 
separator (De Laval Separator Co., Chicago, IL). The 
creams were simultaneously batch pasteurized in three 
stainless steel 4-L beakers in a water bath at 77°c for 30 
min (51). The cream was cooled in beakers to 15°c using 
0 
flowing cold water and then cooled to 1 C, and held for 10 
h. Fat in the creams for churning was determined using 
the Babcock Test (6). 
Butter Manufacture 
A custom built, 4.5 kg cream capacity drum churn 
(Pasilac, Inc., Minneapolis, MN) was used to make the 
experimental butters. The churn was sanitized and 
precooled to 1°c with water and was run for several 
revolutions. After draining, the churn was filled with 
cream and 1 ml of single strength annatto coloring (Miles 
Marshall Co., Madison, WI) to color the butter. The churn 
was operated at high speed (40 rpm) until the cream 
"broke", in the churn window. Buttermilk was drained off 
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and sampled, 1°c h was water was added, c;1nd the churn was 
operated · at slow spe~d (22 rpm) for 4 revolutions for wash 
w a t -e r t o c o n t a c t a 1 1 t h e b u t t e r g r a n u 1 e s • The churn 
remained stationary for S min to cool and partially harden 
~he butter granules~ After S min of cooling, the wash 
water was drained off, and the butter was worked until 
dry, using a perforated door. Butter moisture was 
determined by the Kohman Test (6) and an appropriate 
amount of water was added to adjust the . fat content to a 
legal 80% wt/wt. Salt (NaCl) was added to 1% wt/wt in the 
butter. The butter was worked a final time and was packed 
into opaque plastic Rexcel 165W cottage cheese type 
containers of 5OO-g capacity (Rexcel Co., Ludlow, MA). A 
total of 27 butter batches were manufactured (9 . C, 9 
HOSFS, and 9 RSFS). 
Chemical and Physical Analyses 
Milk, buttermilk, cream, and butter samples were 
analyzed in duplicate for fat and total solids using 
Mojonnier procedures (6). Milk and buttermilk were 
analyzed for protein using the Kjeldahl nitrogen procedure 
( 3 ) • 
( 3 ) • 
Salt in the butter was determined by AOAC procedure 
Milk and cream pH were measured using a Corning 
Model 7 pH meter (Corning Medical, Medfield, MA) with an 
Orion combination pH electrode (Orion Research, Inc., 
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Cambridge, MA). Milk and cream titratable acidities were 
measured using .10 N , NaOH and phenolphthalein (6). Acid 
degree value (ADV) of cream and butter was also measured 
( 6) • 
Cholesterol in the butters was determined by 
quantitatively extracting the fat by the Mojonnier method 
using a triple extraction on duplicate samples (6). The 
fat layer was evaporated on a Calab rotary evaporator 
( Ca 1 ab , Inc. , Be r k e 1 e y , CA) to a pp are n t d r y n e s s a n .d was 
saponified with ethanolic KOH (33.0 % wt/vol KOH)~ 
Redistilled hexane and distilled water were added, mixed 
and centrifuged at 850 X gravities. The saponified fat 
dissolved in the water layer and the cholesterol dissolved 
in the hexane layer (8). Then, 200 ul of the hexane layer 
was transferred to a test tube and evaporated to dryness 
under nitrogen gas (7, 8). Total cholesterol was assayed 
by the use of a spectrophotometric determination (Sigma 
Diagnostics, St. Louis, MO). 
Milk fat was extricted by the Mojonnier procedure 
(6) and butyl esters of fatty acids were prepared and 
separated by GLC (20, 84). Fatty acid analysis of 
sunflower seeds were determined as described by Casper et 
al. (20). 
The melting point of butterfat was determined 
after extracting the fat from the butter by the Mojonnier 
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method (6), followed by evaporation of -the solvents on a 
Calab rotaty evapora~or (Calab In~., Berkeley, CA), and 
determined using the capillary tube method (3) 
Penetrometer (Precis~on Scientific Co. Model 431, 
Chicago, IL) readings were recorded on the butters after 
60 days storage in their original 500-g containers at 
and 20°c with cone release times of 15 s and 5 s , 
respectively. The penetrometer was equipped with an Am. 
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Soc. for Testing Materials standard 60-g dual taper 
"grease cone" with a 100-g shaft weight and an ebonite tip _. 
similar to that used by Haighton (42). 
Organoleptic Evaluation 
The official butter scorecard as designed by the 
American Dairy Science Association (ADSA) provides for 
grading butter on body and flavor to derive an overall 
score (63). It does not provide the information required 
to derive separate scores for oxidized flavor, storage 
flav -or, and overall acceptability. Therefore, three 
modified score sheets were prepared to measure these 
flavors. Oxidized flavor scores were on a scale of 1 
through 9, with 1 designated as "not oxidized", 5 as 
"definitely oxidized", and with 9 as "extremely oxidized". 
Storage flavor scores used the same scale except "no 
storage flavor", "definite storage flavor", and "extreme 
storage flavor" were substituted at the values of 1, 5, 
and 9, respectively • . The hedonic score sheet used a scale 
of 1 through 17 with 1 as "dislike extremely", 5 as 
"dislike", 9 as "neither like nor dislike", 13 as "like", 
and 17 as "like extre.mely". Panelists were requested to 
note any other additional comments on the score sheets 
used for the overall acceptability scale. The butter 
samples were stored at 4 °c and judged at O, 1, 3, and 6 
mo storage. Four experienced paneli.sts were used for 
judging the oxidized and storage flavors. One of the 
panelists was a certified United States Department ol 
Agriculture (USDA) butter grader. The panelists 
evaluating the overall acceptability were the same 4 
panelists, with 1 additional panelist. 
Statistical Analysis 
Data were analyzed using the Analysis of Variance 
Procedure and the General Linear Model Procedure from the 
Statistical Analysis System Version 5.16 (SAS Institute, 
Inc., Cary, NC). Data was expressed as least square means 
by treatment and period. Experimental unit weeks were 
combined into periods and weeks and were used as the error 
term (85). The Waller-Duncan K-ratio T Test was used to 
compare means at the .05 level of confidence (85). 
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RESULTS AND DISCUSSION . 
Sun f ·lower Seed Fatty Acid Compos i ti on 
Sunflower seeds and most plant sources of fat 
contain high concen~rations polyunsaturated fatty acids 
( 6 8 ) • Several new varieties of sunflowers have been 
developed which contain high concentrations ()80%) of 
oleic acid (an monounsaturated fatty acid) in their oil 
( 7 5 ) • The regular oilseed sunflower seeds exhibited 
higher percentages of palmitic acid (16:0), linoleic acid 
(18:2), and lignoceric acid (24:0), similar percentages of 
stearic acid (18:0), and lower percentages of oleic acid 
(18:1) as compared to HOSFS (Table 5). Regular . sunflower 
s~eds contained 67.46% linoleic acid, while HOSFS 
contained 10.71% linoleic acid. Conversely, the HOSFS 
contained (79.03%) oleic acid as compared to RSFS (19.68%) 
(Table 5). 
Milk and Cream Composition 
Milk fat percentages were similar for the C and 
HOSFS diets, but were decreased (P(.05) with the RSFS diet 
(Table 6). Collection of milk samples occurred during 
th~ summer ~onths when milk Eat percentages are normally 
depressed. Milk protein percentages were similar for the 
C and HOSFS diets, but increased (P<.Ol) with the RSFS 
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TABLE 5. Fatty acid composition of regular (RSFS) 
and high oleic acid sunflower seeds (HOSFS). 
Fatty acid 1 HOSFS RSFS 
(g/lOOg) 
14: 0 • 21 .05 
16: 0 3.50 6.24 
18: 0 3.99 3.95 
18: 1 79.03 19.68 
18 : 2 10.71 67.46 
18:3 .49 .21 
20:0 .35 
22:0 1.23 .92 
24:0 .14 1.50 
1 Expressed number of carbons: number of double as 
bonds. 
TABLE 6. Milk and cream composition from cows fed control (C), 
high oleic acid sunflower seed (HOSFS), or regular sunflower 
seed (RSFS) diets. 
Diet 
Measurement C HOSFS RSFS SE 
Milk fat,% 3.0la 2.75a 2.38b .12 
Milk protein 1 3.26c 3.28c 3.49d .OS 
Milk total solids, % 11.94a 11.56ab 11.36b .19 
Cream fat, % 39.89 39.07 35.31 1.63 
Cream total .solids, % 45.36 45.2) 41.62 1.59 
Cream ADV2 1.7 1.6 2.4 .40 
a b 
c'd Means within rows with unlike superscripts differ (P(.05). 
1
' means within rows with unlike superscripts differ (P(.01). 
2
Nitrogen x 6.38 =%protein. 
Acid degree value. 
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diet. Milk total solids for the C and HOSFS diets were 
similar (P).05), and total solids in milk from the HOSFS 
and RSFS diets were similar; however, the milk from the C 
and RSFS diets were _different, with the RSFS diet 
containing lower total milk solids (P(.05) due to lower 
milk fat content. Cream fat, total solids, and acid 
degree values (ADV) were similar (P).05) among the three 
diets. The RSFS cream exhibited a numerically higher ADV 
(2.4), although no rancid flavor was detected. 
The percentages of short chain fatty acids (4:0-
10:0) in the milk were different (P(.05) among the three 
diets, with C the highest and RSFS the lowest (Table 7). 
The depression of short chain fatty acids resulting from 
feeding sunflower diets agreed with previous studies (57, 
7 6 ) • Percentages of medium chain length fatty acids 
(12:0-16:1) in the milk were similar (P).05) between the 
HOSFS and RSFS diets, but were lower (P(.05) than for the 
C diet. Long chain fatty acids (18:0-18:2) were different 
(P(.05) among the three diets, with the C diet the lowest 
and RSFS the highest. Milk oleic acid content increased 
when cows were fed sunflower diets as previously reported 
(23, 57, 76). Milk unsaturated fatty acid concentrations 
were different (P(.05) among all diets, with milk from 
cows fed RSFS having the most unsaturated and C the least 
unsaturated fatty acid content. Thus, changing the fatty 
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TABLE 7. Milk fatty acid composition from _cows fed control 
(C), high oleic sunflower seed (HOSFS), or regular sunflower 
seed (RSFS) diets. 
Fatty Acidl 
4:0 
6:0 
8:0 
10:0 
12:0 
14:0 
14:1 
15:0 
16:0 
16:1 
18:0 
18: 1 
18:2 
Other 
Short Chain 
1 (4:0 - 10:0) 
Medium Chain 
(12:0- 16: 1) 
Long Chain 
(18:0- 18:2) 
Saturated 
Unsaturated 
C 
3.Sa 
2.Sa 
l.Sa 
30.2a 
20.8a 
2.Sa 
3.3 
54 .1 a 
31.Sa 
67.8
3 
Diet 
HOSFS 
g/100§ 
3.3 
1.9b 
1.ob 
2.3b 
2.7b 
10 .1 b 
1.6b 
l.lb 
21.ob 
2.6b 
14.7b 
32.8b 
1.8b 
3.1 
8.6b 
39.lb 
49.2b 
58 .1 b 
38.8b 
RSFS 
3.1 
C 
45.6 
a,b,c Means within rows with unlike superscripts differ 
SE 
.14 
.09 
.05 
.10 
.13 
.23 
.09 
.08 
.44 
.14 
.65 
.93 
.15 
.28 
.34 
.76 
1.01 
• 97 
1.01 
l (P<.OS). 
Expressed as number of carbons: number of double bonds. 
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acid composition of the diet can affect the fatty acid 
composition of the milk and butter (20, 23, 35, 57, 76). 
Butter and Butte·rmilk Composition 
The physical and chemical properties of butter and 
buttermilk are given in Table 8. The fat content of 
butter was similar (P).05) among all diets. The mean fat 
content for all butters was below the 80% wt/wt required 
for legal butter, which may have been due to small batch 
size of the cream and butter and/or lack of a cooling 
system in the churn. Total solids were similar to C 
butters for HOSFS and RSFS butters, but were lower (P(.05) 
for HOSFS than for RSFS butters due to higher fat in the 
RSFS butter. The butter salt contents and ADV's were 
similar (P).05) among the butters; however, the ADV's were 
higher than those of normal butter (25). The cholesterol 
content of the C and HOSFS butters were similar (P).05); 
however, the cholesterol content of the the RSFS butte.r 
was higher (P(.05). The RSFS diet milk may have contained 
greater amounts of small fat globules due to fat 
depression in the milk. With increased fat globule 
membrane surface area, the cholesterol content might have 
increased in milk and butter from cows fed the RSFS diet. 
The HOSFS butter melting point was lower (P(.05) 
than the C and RSFS butter melting points (Table 8); 
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TABLE 8. Physical and chemical properties of butter and 
butte rmi. lk from cows fed control ( C), high oleic· acid sunflower 
seed (H0SFS), or reg~lar sunflower seed (RSFS) diets. 
Item 
Butter 
Fat,% 
Total solids,% 
Salt, % 
ADV 
Cholesterol, (mg/g) 
Melting points, ( 0 c) 
1 Penetrometer 
2 Penetrometer 
Buttermilk 
Fat,% 
P . 3 rote1n 
Total solids,% 
C 
76.21 
78.70ab 
.86 
1.8 
1.998 
36 .1 a 
80.5c 
165.9c 
3.3 
12.0 
Diet 
H0SFS 
75.57 
76.52 8 
.84 
1.5 
1.85 8 
34.7b 
114. 7d 
263.3d 
3.3 
12.S 
RSFS 
77. 79 
80.58b 
.94 
35.9a 
114 .sd 
273.8d 
3.2cd 
3.4 
12.0 
SE 
1.45 
1.17 
.06 
.39 
.OS 
.37 
3.43 
7.76 
.30 
.07 
.40 
a,~ Means within rows with unlike superscripts differ (P<.OS)~ 
~, means within rows with unlike supe~scripts differ (P(.01). 
2Expressed in .lmm at 4°C, 15 s release time. 
3
Expressed in .lmm at 20°c, 5 s release time. 
Nitrogen x 6.38 =%protein. 
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however, all butters were within the norm~l melting range 
of 32 
. 0 
to 36 C for milk fat (6). Fatty acids with longer 
chain length have higher melting points, and those with 
more double bonds have lower melting points (26). The 
m~lting point is the t~.mperature at which fat melts and is 
of little value · in predicting butter firmness (31). 
Penetrometer readings (to determine softness) at 4°c and 
20°c indicated that the HOSFS and RSFS butters were softer 
(P(.01) than the C butter (Table 8). Increased softness 
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has been reported in butter produced from milk by cows 
with altered fat diets by several researchers (17, 18, 19, · 
23, 31, 33, 84, 92). 
The percentages of short chain fatty acids (4:0-
10:0) in the butter were highest (P(.05) in the C butter 
and lowest in the RSFS butter (Table 9). The percentages 
of medium chain fatty acids (12:0-16:1) were similar 
(P).05) between the HOSFS and RSFS butters, but higher 
(P(.05) in the C butter. Cont~ol butter contained the 
lowest percentages of long chain fatty acids (18:0-18:2) 
and RSFS butter contained the highest percentages. The 
RSFS butter was the most unsaturated (P(.05), and C butter 
the least unsaturated. All individual saturated fatty 
acids in the HOSFS and RSFS milk and butter were lower 
than in the C milk and butter, with the exception of 
s tearic acid (Tables 6 and 8). The polyunsaturated fatty 
TABLE 9. Butter fatty acid composition . from cows fed 
control (C), high oleic sunflower seed (HOSFS), or regular 
sunflower seed (RSFS) diets. 
Fatty Acid 1 
4:0 
6:0 
8:0 
10:0 
12:0 
14:0 
14:1 
15:0 
16:0 
16:1 
18:0 
18:1 
18:2 
Other 
Short Chain 
1 (4:0 - 10:0) 
Medium Chain 
(12: 0- 16: 1 ) 
Long Chain 
(18: 0- 18: 2) 
Saturated 
Unsaturated 
Diet 
C HOSFS RSFS 
-.-a---4(g/100g)----
3 .• 5 3.4a 2.6b 
2.0b 
l.lb 
2.3b 
2.7b 
9.9b 
1.6b 
!.lb 
21.5b 
3.la 
15. lb 
31.8b 
1.6b 
2.9b 
8.7b 
39.9b 
48.Sb 
59.0b 
38 .1 b 
8.4c 
1.8b 
1.ob 
20.8b 
4.3b 
14.Sb 
SE 
.15 
.09 
.06 
.11 
.12 
.27 
.09 
.09 
.48 
.32 
.48 
.70 
.20 
.17 
.38 
.83 
.98 
.74 
.72 
a,b,c M · h. · h 1·k · d"ff eans wit in rows wit un 1 e superscripts 1 er 
l (P(.05). 
Expressed as number of carbons: number of double bonds. 
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acid (linoleic acid) content of HOSFS mil~ and butter was 
1 owe r ( P < ·• o· s ) than in C or RS F S mi 1 k and but t e r • The RS F S 
milk· and butter linoleic acid content was higher (P(.05) 
than in C or HOSfS milk and butter. Feeding RSFS to dairy 
cows has produced increased (23) and decreased linoleic 
acid contents (76). Milk and butter fatty acid 
composition within each treatment were similar, as 
expected (Tables 6 and 8). 
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The percentages of fat were similar (P).05) 
between the C and RSFS buttermilk and similar (P).05) 
between the HOSFS and RSFS buttermilk; however, the C and· 
HOSFS buttermilk were different (P(.01), with the HOSFS 
buttermilk higher in fat than C buttermilk (Table 8). 
Buttermilk protein and total solids were similar (P).05) 
for all diets (Table 8). 
Organoleptic Evaluation 
Oxidized and storage flavors were not detected in 
any of the butters after manufacture (mo 0) (Table 10). 
After storage, the HOSFS and RSFS butter exhibited lower 
oxidation scores than the C butter, although the 
differences were not significant (P).05). After 6 mo of 
storage, the RSFS butter had less (P(.05) storage off-
flavor than the C butter. The overall acceptability 
scores for all butters were similar (P).05) at O and 3 mo. 
TABLE 10. Flavor scores of control (C)., high oleic 
acid sunflower seed (HOSFS), or regular sun-flower 
seed (RSFS), bu~ters after manufacture and during 
' 0 
storage at 4 C. 
Months 
0 
l 
3 
6 
0 
1 
3 
6 
0 
l 
3 
6 
C 
1.0 
1.4 
1.8 
1.9 
1.0 
2.2 
2.7 
13.1 
9.9 
Diet 
HOSFS RSFS 
· Oxidized1 
1.0 
1.0 
1.6 
1.7 
1.0 
1.6 
2.1 
2 
Storage 
4 .1 ab 
13.8 
12.6b 
Hedonic3 
1.0 
1.1 
1.3 
1.5 
1.2 
1.8 
13.6 
12.0ab 
SE 
.00 
.16 
.20 
.20 
.13 
.27 
.32 
.31 
.29 
.37 
.37 
.41 
a,bMeans within rows with unlike superscripts differ 
(PC.OS). 
11 = not oxidized, 5 = definitely oxidized, and 9 = 
extremely oxidized. 
2
1 = no storage flavor, 5 = definite storage flavor, 
and 9 = extreme storage flavor. 
31 = dislike extremely, 5 = dislike, 9 = neither like 
nor dislike, 13 = like, and 17 = like extremely. 
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After 1 mo, the C and RSFS overall but _ter scores were 
similar (p·).05); ho:vever, the HOSFS butter exhibited 
better (P(.05) overall flavor than the C butter. After 6 
mo, the HOSFS and RSFS butters had higher overall (P(.05) 
flavor scores than the.C butter. 
CONCLUSIONS 
Feeding unprotected sunflower seeds as a portion 
of the concentrat~ mix provided a sourc~ of unsaturated 
dietary fatty acids to lactating dairy cows. The two 
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experimental di~ts substituted either 20% high oleic acid 
sunflower ~eeds ()79% of fatty acids as oleic acid) or 20% · 
regul~r sunflower seeds ()67% of fatty acids as linoleic 
acid) for part of the corn and soybean meal in the 
concentrate mix. 
Feeding 1 a ·c tat in g dairy cattle sun f 1 owe r seeds 
resulted in lower concentrations of short and medium chain 
and higher concentr~tions of long chain fatty acids in 
milk and butter. Unsaturated fatty acid concentrations in 
milk were (28.9, 38.8, 45.6%) for control, high oleic 
sunflower seed, and regular sunflower seed treatments, 
respectively. Milk fat concentration was similar for the 
control (3.0%) and high oleic sunflower seeds (2.7%), but 
decreased in the regular sunflower seed treatment (2.4%). 
Milk protein concentration was similar for the 
control (3.3%) and high oleic sunflower seeds (3.3%), but 
increased in regular sunflower seed treatment (3.5%). 
B~tter manufactured from this milk was more 
unsaturated and exhibited desirable flavor, storage, and 
softness characteristics. The unsaturated fatty acid 
c6ncentrations of the experimental butters were (29.6, 
38.1, 44.3%) for . control, high oleic sunflower seed, and 
regular sunflower seed treatments, respectively. 
Penetr.ometer readings at 4°c (8.1, 11.5, 11.S mm) and at 
20°c (16.6, 26.3, .27.4 mm) were higher for high oleic 
sunflower seed and regular sunflower seed treatment 
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butter. Organoleptic evaluation indicated the high oleic · 
sunflower seed and regular sunflower seed treatment 
butters were equal or superior in flavor to the control 
butter. 
This r~s~arch has application for the production 
of fluid milk and other dairy products (cheese, ice cream, 
yoghurt) with lowered saturated fatty acid content. These 
products would be beneficial for individuals trying to 
limit their consumption of saturated fatty acids, while 
also creating potential new market areas for dairy 
producers, processors, and producers of unsaturated fats. 
The high oleic sunflower seed and regular sunflower seed 
treatment butters were softer, more unsaturated and 
exhibited acceptable flavor, manufacturing, and storage 
characteristics. 
REFERENCES 
1 Alfin-Slater, R. 1987. Setting the record straight on 
cholesterol. Beef zj:32. 
2 And e r s 9 n , M • J • , Y • E • M. 0 bad i a·h , R. L • Boman , and J • 
L. Walters. 1984. Comparison of whole cottonseed, 
extruded soybeans, or whole sunflower seeds for 
lactating dairy cow~. J. Dairy Sci. 67:569. 
3 Association of Official Analytical Chemists. 1984. 
Official methods of analysis. 14th ed. Assoc. Offic. 
Anal. Chem., Arlington, VA. 
4 Astrup, H. N., O. Fauske, arid L. Baevre. 1981. Feeding 
of various hydrogenated marine oil products to the 
dairy cow. Acta Agric. Scand. 31:75. 
5 Astrup, · H. N., L. Vik-Mo, A. Ekern, and F. Bakke. 1974. 
6 
Feeding protected and unprotected oils to dairy cows. 
J. Dairy Sci. 59:426. 
Atherton, H. V., and J. A. Newlander. 
and testing of dairy products. 4th ed. 
Inc., Westport, CT. 
1977. Chemistry 
AVI Publ. Co., 
7 Bachman, K .• C., J-H. Lin, and C. J. Wilcox. 1976. 
Sensitive colorimetric determination of cholesterol in 
dairy products. J. Assoc. Offic. Anal. Chem. 59:1146. 
8 Bachman, K. C., and C. J. Wilcox. 1976. Factors that 
influence milk cholesterol and lipid phosphorus: 
Content and dis.tribution. J. Dairy Sci. 59:1381. 
9 Banks , W. , J. L. C 1 a pp er ton , and M. E. Ke 11 e y. 19 8 0. 
Effect of oil-enriched diets on the milk yield and 
composition, and on the composition and physical 
properties of milk fat, of dairy cows receiving a basal 
ration of grass silage. · J. Dairy Res. 47:277. 
10 Barb an o, D. M., and J. W. Sherbon. 1 9 8 0. 
Polyunsaturated protected lipid: Effect on triglyceride 
molecular weight distribution. J. Dairy Sci. 63:731. 
11 Behrens, G. 1985. Research & Development works on two 
unique projects milk bars an<l spreadable butter. 
Land O'Lakes Mirror 15(7):23. 
61 
l 2 Bi-t man , J • , L • P • Dryden , H. K. Goering , T. R. Wrenn , 
R. A. Yoncoskie, and L. F. Edmondson. 1973. Efficiency 
of trahsfer of polyunsaturated - fats into milk. J. Am. 
Oil Chem. Soc. 50:91. 
13 Black, _R. G. 1975. Partial crystallization of milk fat 
and separation of fractions by vacuum filtration. Aust. 
J. Dairy Technol. 30:1"53. 
14 B 1 a ck , R. G. 1 9 7 5 : The p 1 as tic i zing of mi 1 k fat : 1 • 
Process variables. Aust. J. Dairy Technol. 30:60. 
15 Black, R. G. 1976. Oxidative flavour stability of milk 
fat-vegetable oil blends. Aust. J. Dairy Technol. 
3 l : 2 2 • 
16 Brunner, J. R. 1974. Physical equilibria in 
lipid phase. Page 474 in Fundamentals 
chemistry 2nd ed. B. H. Webb, A.H. Johnson, 
Alford, ed. AVI Publ. Co., Westport, CT. 
milk: The 
of dairy 
and J. A. 
17 Buchanan, R. A., and W. P. Rogers. 1973. Manufacture of 
butter high in linoleic acid. Aust. J. Dairy Technol. 
28:175. 
18 Cadden, A.-M., A. Urquhart, and P. Jelen. 1984. 
Evaluation of milk and butter from commercial dairy 
herds fed canola-based protected lipid feed supplement. 
J. Dairy Sci. 67:2041. 
19 Cadden, A.-M., A. Urquhart, and P. Jelen. 1984. Storage 
stability of canola-based protected lipid feed 
su.pplement and its effect on characteris~ics of milk 
and butter. J. Dairy Sci. 67:1414. 
20 Casper, D. P., D. J. Schingoethe, R. P. Middaugh, and 
R. J. Baer. 1988. Lactational responses of dairy cows 
to diets containing regular and high oleic acid 
sunflower seeds. J. Dairy Sci, 71:1267. 
21 Chalupa, W. B. Vecchiarelli, A. E. Elser, and D. S. 
Kronfeld. 1986. Ruminal fermentation in vivo as 
influenced by long chain fatty acids. J. Dairy Sci. 
69:1293. 
22 Chase, L., and J. Linn. 1987. Feeding to influence milk 
content. Jersey J. 2:23. 
62 
23 Clark, A. K., T. M. Gilmore, s. A. Slocum, and D. L. 
Wheelb~rg. 1983. Evaluation of butter processed from 
milk of c6ws fed wh~le-rolled suriflower seeds with or 
without additional limestone. J. Dairy Sci. 66(Suppl. 
1):' 89 (Abstr.) 
24 Cook, L. J., T. W. ~cott, and Y. S. Pan. 1972. 
Formaldehyde-treated casein-safflower oil supplement 
for dairy cows. JI. Effect on the fatty-acid 
composition of plasma and milk lipids. J. Dairy Res. 
39:211. 
25 Dee th, H. C., and C. H. Fitz-Gerald. 1976. Lipolysis in 
dairy products: A review. Aust. J. Dairy Technol. 
31:53. 
26 DeMan, J. M. 1980. Principles of food chemistry. AVI 
Publ. Co., Westport, CT. 
27 DeMan, J.M., and F. W. Wood, 1958. Hardness of butter.· 
1. Influence of season and manufacturing method. J. 
Dairy Sci. 41:360. 
28 Dorrell, D.G. 1978. Processing and utilization of 
oilseed sunflower. Page 407 in Sunflower science and 
technology. No. 19 in the Agronomy Series. of Am. Soc. 
Agron. , and Crop Sci • Soc • Am. , Pub 1 • Soi 1 Sci • Soc. of 
Am., Inc. Madison, WI. 
29 Drackley, J. K., A. K. Clark, and T. Sahlu. 1985. 
Ration digestibilities and ruminal characteristics in 
steers fed sunflower seeds with additional calcium. J. 
Dairy Sci. 68:356. 
30 Drackley, J. K., and D. J. Schingoethe. 1986. Extruded 
blend of soybean meal and sunflower seeds for dairi 
cattle in early lactation. J. Dairy Sci. 69:371. 
31 Dunkley, W. L., N. E. Smith, and A. A. Franke. 1977. 
Effects of feeding protected tallow on composition of 
milk and milk fat. J. Dairy Sci. 60:1863. 
32 Earle, D. F., I. M. Pankhurst, G. L. Mathews, P. 
Fowler, and I. B. Robinson. 1976. Responses in linoleic 
acid content of milk fat from cows receiving different 
levels of protected sunflower seed supplement. Aust. J. 
Dairy Technol. 31:48. 
63 
·33 Edmondson, L. F., R. A. Yoncoskie, N. H. Rainey, F. W. 
Douglas~ Jr., and J. Bitman. 1974. Feeding encapsulated 
oils to increase the polyunsaturation in milk and meat 
fat. J. Am. Oil Che~. Soc. 51:72. 
34 Feeley, . R. M., P. E. Criner, and 
Cholesterol content of foods. J. 
61:134. 
B. K. Watt. 1972. 
Am. Dietetic Assoc. 
35 Finn, A. M., A. K. Clark, J. K. Drackley, D. J. 
Schingoethe, and T. Sahlu. 1985. Whole rolled sunflower 
seeds with or without additional limestone in lactating 
dairy cattle rations. J. Dairy Sci. 68:903. 
3 6 F i n n , A • M • , A • K • C 1 a r k , and D • J • S c hi n g o e t he • 1 9 8 .3 • 
The use of whole-rolled sunflower seeds with or without 
additional limestone in . lac~ating dairy cattle rations. 
J. Dairy Sci. 66(Suppl. l):155(Abstr.) 
64 
37 Foo, R. C. 1976. The effect of cooling technique on 
continuous churning of cream-vegetable oil mixtures. · 
Aust. J. Dairy Technol. 31:19. 
38 Food and Drug Administration. 1986. Code Fed. Reg. 
46(184B):399. U.S. Govt. Puhl., Washington, DC. 
39 Goering, H. K., C.H. Gordon, T. R. Wrenn, J. Bitman, 
R. L. King, and F. W. Douglas, Jr. 1976. Effect of 
feeding protected safflower oil on yield, composition, 
flavor, and oxidative stability of milk. J. Dairy Sci. 
59:416. 
40 Goering, H.K., T. R. Wrenn, L. F. Edmondson, J. 
W e ·y ant , D • L • W o o d , and J • Bi t man • 1 9 7 6 • Fe e d i n g 
polyunsaturated v~getable oils to lactating cows. J. 
Dairy Sci. 60:739. 
41 Gupta, S., 
rheological 
40:321. 
and J. M. DeMan. 1985. 
properties of butter. 
Modification of 
Milchwissenschaft 
42 Haighton, A. J. 1959. The measurement of the hardness 
of margarine and fats with cone penetrometers. J. Am. 
Oil Chem. Soc. 36:345. 
43 Harrap, B. S. 1973. Recent developments in the 
production of dairy products with increased levels of 
polyunsaturation. Aust. J. Dairy Technol. 28:101. 
44 Hawke, J.C., M. W. Taylor, and P. F. F9x. 1983. Yield 
and fatty acid composition of milk fat. Developments in 
Dairy che·m. Applied ,Science Pub. New York, NY. 
45 Hoard's Editor. 1985. Need spreadable butter and more 
research. Hoard's Dairyman (editorial) 130:754. 
46 Hood, R. L. 1981. Distribution of milk fat globules in 
cows milk high in l~noleic acid. J. Dairy Sci. 64:19. 
47 Jenkins, T. C., and D. L. Palmquist. 1984. Effect of 
fatty acids or calcium soaps on rumen and total 
nutrient digestibility of dairy rations. J. Dairy Sci. 
67:978. 
48 Kalab, M. 1985. Microstructure of dairy foods. 2. Milk 
products based on fat. J. Dairy Sci. 68:3234. 
49 Kieseker, F. 
p r o du c. t s • Au s t • 
G. 1975. Polyunsaturated 
J. Dairy Technol. 30:7. 
milk fat 
50 Kieseker, F. G., and I. J. Eustace. 1975. Manufacture 
by conventional churning of butter high in linoleic 
acid: Technology , physical properties and sensory 
e v a . 1 u a ti on • Aus t • J • Dai r y Tech no 1 • 3 0 : 1 7 • 
51 Lampert, L. M • . 1975. Modern dairy products. 3rd ed. 
Chemical Publ. Co., Inc., New York, NY. 
52 Lieb, M. E. 1987. A spreadable feast: WI Milk Market 
Board working to spread the latest in butter technology 
around. Dairy Foods 88(6):25. 
53 MacLeod, G. K., and A. S. Wood. 1972. Influence of 
amount and degree of saturation of dietary fat on yield 
and quality of milk. J. Dairy Sci. 55:439. 
54 Macleod, G. K., Y. Yu, and L. R. Schaeffer. 1976. 
· 55 
Feeding value of protected animal tallow for high 
yielding dairy cows. J. Dairy Sci. 60:726. 
Mattos , W. , and 
polyunsaturated 
protected fat. J. 
D. L. Palmquist. 1974. Increased 
fatty acid yields in milk of cows fed 
Dairy Sci. 57:1050. 
56 McCauley, M. 1986. Butter that spreads from the fridge. 
Land O'Lakes Mirror 16(8):25. 
65 
57 McGuffey, R. K., and D. J. Schingoethe. 1982. Whole 
sunflow~r seeds for high producing dairy cows. J. Dairy 
Sci. 65:1479. 
58 McPherson, A. V., and B. J. Kitchen. 
and lip-ids of the aqueous phase · of 
Dairy Technol • . 36:17. 
1981. ·The protein 
butter. Aust .• J. 
59 McPherson, A. V., and B. J. Kitchen. 1983. 
the progress of dai.ry science: The bovine 
globule membrane-its formation, composition, 
and behavior in milk dairy products. J. 
50:107. 
Reviews o.f 
milk fat 
structure, 
Dairy Res. 
60 Milk Industry Foundation. 1987 •. Milk Facts. Washington 
D.C. 
61 Mulder, H., and P. Walstra. 1974. The milk fat globule: 
Emulsion science as applied to milk products and 
comparable foods. Publ. Commonwealth Agricultural 
Bureaux, Farnham Royal, Bucks., England. 
62 Murphy, M., P. Uden, D. L. Palmquist, and H. 
Wiktorsson. 1987. Rumen and total digestibilities in 
lactating cows fed diets containing full-fat rapeseed. 
J. Dairy Sci. 70:1572. 
63 Nelson, J. A., and M. G. Trout. 
products. 4th ed. AVI Publ. Co., 
1981. Judging dairy 
Inc., Westport, GT. 
64 Norris, R., I. K. Gray, A. K. R. McDowell, and R. M. 
Dolby. 1971. The c-hemical composition and physical 
properties of fractions of milk fat obtained by a 
commercial fractionation process. J. Dairy Res. 38:179. 
65 Palmquist, D. L. 1984. -Calcium soaps of fatty acid~ 
with varying unsaturation as fat supplements for 
lactating cows. Can. J. Anim. Sci. 64(Suppl. 1):240. 
66 Palmquist, D. L., and H. R. Conrad. 1978. High fat 
rations for dairy cows. effects on feed intake, milk 
and fat production, and plasma metabolites. J. Dairy 
Sci. 61:890.-
67 Palmquist, D. L., and H. R. Conrad. 1980. High fat 
rations for dairy cbws. · Tallow and hydrolyzed blended 
fat at two intakes. J. Dairy Sci. 63:391. 
68 Palmquist D. L. 
lactation rations: 
and T. C. Jenkins. 1980. 
Review. J. Dairy Sci. 63:1. 
Fat in 
66 
69 Palmquist, D. L., T. C. Jenkins, and A •. E. Joyner Jr. 
1986. Effect of dietary fat and calcium source on 
insoluble · soap form~tion in the rumen. J. Dairy Sci. 
69:1020. 
7 0 P an k h u r s· t , I • M • , G • L • Ma t h e w s , I' • B • Ro b i n s o n , a n d P • 
Fowler. 1980 • . Respons~s in linoleic acid content of 
, milk from cows receiving different levels of protected 
sunflower seed supplement. Part II. Responses to low 
levels. Aust. _J. Dairy Techn~l. 35:11. 
71 Parodi, P. W. 1974. 
glyceride fraction 
Technol. 29:20. 
Composition of 
from milk fat. 
a high 
Aust. 
melting 
J. Dairy 
72 Parry, R. M., Jr., J. Sampugna, and R. G. 
Effect of feeding safflower oil on the 
composition of milk. J. Dairy Sci. 47:37. 
Jensen. 
fatty 
1964. 
acid 
73 Plowman, R. D., J. Bitman, C.H. Gordon, L. P. Dryden; 
H. K. Goering, T. R. Wrenn, L. F. Edmondson, R. A. 
Yoncoskie, and F. W. Douglas, Jr. 1972. Milk fat with 
increised polyunsaturated· fatty a~ids. J. Dairy Sci. 
55:204. 
74 Purdy, R.H. 1985. High oleic sunflower: Physical and 
chemical characteristics. Paper 127. · 76th Am. Oil Chem. 
Soc. Meeting, Philadelphia, PA. 
75 Purdy, R.H. 1985. Oxidative stability of high oleic 
sunflower and safflower oils. J. Am. Oil Chem. Soc. 
62:523. 
76 Rafalowski, W., and C. S. Park. 1982. Whole sunflower 
seed as a fat supplem~nt for lactating cows. J. Dairy 
Sci. 65: 1484. 
77 Richardson, T. 1968. Studies on milk fat and milk fat 
fractions. Page 4 in Dairy lipids and metabolism. M. F. 
Brink, and D. Kritchevsky, ed. AVI Publ. Co., Westport, 
CT. 
78 Schingoethe, D.J. 1982. Feeding sunflower seeds to 
milking dairy cows. South Dakota State Univ. Dairyman's 
Conf., Dairy Sci. Update, DSU 82-2, Brookings. 
79 Scott, T. W., L. J. Cook, K. A. Ferguson, I. W. 
McDonald, R. A. Buchanan, and · G. Loftus Hills. 1970. 
Production of polyunsaturated milk fat in domestic 
ruminants. Aust. J. Sci. 32:291. 
67 
80 Scott, T. W., L. J. Cook, and S. C. Mills. 
Protec ti on o f die ta r y po 1 y u·n s a tu r a t e· d f a t t y 
against · microbial hydrogenation- in ruminants. 
Oil Chem. Soc. 48:358. 
1 9 7 1 • 
acids 
J. Am. 
8 1 Scott , T.. W. , and G • D • Loftus Hi 11 s • -1 9 7 8 • Meat and 
milk products from ruminants. U.S. Pat. 4,073,960. 
82 Selner, D. R., and L. H. Schultz. 1980. Effects of 
feeding oleic acid ~r hydrogenated vegetable oils to 
lactating cows; J. Dairy Sci. 63:1235. 
83 Sleigh, R. W., J. M. Bain, and · R. W. Burley. 1976. A 
study of cow's milk containing high levels of linoleic 
a c i d . : I s o 1 a t i o n a n d p r o p e r t i e s o f · t h e f a t g 1 o b u 1 e 
membrane. J. Dairy Res. 43:389. 
84 Sporns, P., J. Rebolledo, A.-M. Cadden, and P. Jelen. 
1984. Compositional changes in fatty acids of butter 
caused by feeding canola-based protected lipid feed. 
supplement. Milchwissenschaft 39:330. 
85 Steel, R. G. D., and J. H. Torrie. 1980. Principles and 
procedures of statistics: A biometrical approach. 2nd 
ed. McGraw-Hill Book -Co., New York, NY. 
86 Steele, W., and J. H. Moore. 1968. The effects of 
dietary tallow and cottonseed oil on milk . fat secretion 
in the cow. J. Dairy Res. 35:223. 
87 Timms, R. E. 1979. The solubility of milk fat, fully 
hardened milk fat and milk fat hard fraction in liquid 
oils. Aust. J. Dairy Technol. 34:130. 
88 US Department of Agriculture. 1976. Composition of 
foods: Dairy and egg products raw processed prepared •. 
Agric. Handbook No. 8-1. U.S. Govt. Publ., Washington, 
DC. 
89 US Department of Agriculture, Agricultural Marketing 
service. U.S. standards for grades of butter. Bull. 
274. U.S. Govt. Publ., Washington, DC. 
90 Wilcox, G. 1971. Butter: Manufacturing processes. Page 
283 in Milk, cream and butter technology. Noyes Data 
Corporation, Park Ridge, NJ. 
91 Wilson, B. W. 
fat • Aust • J. 
1975. Techniques of fractionation of milk 
Dairy Technol. 30:10. 
68 
92 Wong, W., P. Jelen, and J.M. DeMan. 1982. Softening of 
butter related to feeding low doses of piotected-tallow 
supplement. J. Dairy Sci. 65:1632. 
9 3 W o o d· , F • W • , M • F • Mu r p h y , a n d W • L • D u n k 1 e y • 1 9 7 5 • 
Influenc~ of elevated polyunsaturated fatty acids on 
processing and physical properties of butter. J. Dairy 
Sci. 58:839. 
94 Wrenn, T. R., J. Bitinan, J. R. Waterman, J. R. Weyant, 
D • L • Wood , L • . L. St i.- oz ins k i , and N • W • Hoo v en. Jr • 
1978. Feeding protected and unprotected tallow to 
lactating cows. J. Dairy Sci. 61:49. 
95 Wrenn, T. R., J. Bitman, J. R. Weyant, D. L. Wood, K. 
D. Wiggers, and L. F. Edmondson. 1977. Milk and tissue 
lipid composition after feeding cows protected 
polyunsaturated fat for two years. J. Dairy Sci. 
60: 521. 
96 Wrenn, T. R., J. R. Weyant, D. L. Wood, J. Bitman, R. 
M • . Rawlings, and K. E. Lyon. 1976. Increasing 
polyunsaturation of milk fats by feeding formaldehyde 
protected sunflower soybean supplement. J. Dairy Sci. 
59:627. 
97 Urquhart, A., A.-M. Cadden, and P. Jelen. 1984. Quality 
of milk and butter related to canola based protected 
lipid feed supplement. Milchwissenschaft 39:1. 
69 
